Purpose: Physicians entering medical practice in the 21st century will require more than a basic understanding of human genetics because of rapid progress in the field of genetics and genomics. The current undergraduate medical curriculum at most institutions is not adequate to prepare medical students for these challenges. Enhancing exposure to genetics throughout the medical school curriculum should help prepare the next generation of physicians to use genetic and genomic information for optimal patient care.
imPORtAnce OF Genetic And GenOmic FLUencY FOR tHe PRActicinG PHYsiciAn
Over the past several decades, there have been countless discoveries in medical genetics and molecular biology. There has also been rapid progress in biotechnology. These advances have practical applications for the determination of disease risk, the interpretation of clinical laboratory data, the treatment of disease, the use of pharmacologic agents, and reproductive counseling. [1] [2] [3] [4] Concomitant with the advancement of genetic knowledge and technologies is the emergence of ethical and public policy concerns related to their application to medical practice. 5, 6 It is widely recognized that physicians entering medical practice in the 21st century will require more than a basic understanding of human genetics.
Historically, genetic testing has been used selectively to diagnose monogenic or chromosomal disorders or to evaluate the risk of developing or transmitting single-gene disorders. However, genetic testing is increasingly being used to modify therapeutics, to determine prognosis, and even to provide probabilistic risk assessment for common/complex disorders. Because of advances in technology and the availability of highthroughput sequencing and high-density microarrays, it is now possible to interrogate thousands of loci in an individual's genome at a relatively low cost and in a timely manner. 4, [6] [7] [8] [9] In the future, practicing physicians will need to appraise these technologies and make critical judgments and decisions regarding the results they generate for their patients. Several studies have shown that most physicians are unable to interpret even simple genetic tests, much less the complex genetic and genomic information obtained from next-generation sequencing. 10, 11 Unfortunately, the current undergraduate medical curriculum at most institutions is not adequate to prepare medical students for the challenges that result from this rapidly advancing science. 12 Integrating genetics throughout the entire medical school curriculum should help prepare the next generation of physicians to use genetic and genomic information for optimal patient care. 13 Percent enrollment has increased for each track over time as they have gained popularity. The Genetics Track Curriculum (GTC) is comparable to these tracks in terms of time commitment and effort on the part of the medical student.
The Department of Molecular and Human Genetics (MHG) at BCM (http://www.bcm.edu/genetics/) comprises more than 75 primary and joint faculty including clinicians, clinical laboratory directors, physician scientists, and basic science researchers. In addition, the Department of MHG has accredited training programs including a medical genetics residency, combined medical genetics and pediatrics residency, postdoctoral training for board certification in molecular genetic, cytogenetic, and biochemical genetic laboratory diagnostics, a medical biochemical genetics pathway, and a PhD graduate program in molecular and human genetics. Key clinical facilities at the Texas Medical Center include the Baylor Clinic, Texas Children's Hospital, The Methodist Hospital, St. Luke's Episcopal Hospital, Ben Taub General Hospital, the Michael E. DeBakey Veterans Affairs Medical Center, and soon the new Texas Children's Maternity Center. The authors recognize that the resources at BCM and the Texas Medical Center are not universally available at most medical schools; however, most medical schools should be able to adapt a modified version of the GTC to prepare their graduates for medical practice.
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PROPOsAL And imPLementAtiOn OF A nOVeL cURRicULUm in medicAL Genetics
The 4-year GTC described herein is for medical students who want more time to explore and experience the multiple facets of basic and clinical genetics and genomics. The GTC was developed to complement the existing UME at BCM. Table 1 lists the schedule at-a-glance for all 4 years of the GTC. In addition to the core medical school curriculum, GTC students will have the opportunity to experience state-of-the-art medical genetics diagnostic laboratories and to participate in focused didactic activities and clinical and longitudinal patient experiences. The track will also provide students opportunities for scholarly research and mentoring focused on medical genetics. The GTC incorporates well-established compulsory and elective courses for UME in addition to select courses and conferences required for graduate medical education in genetics ( Tables   1 and 2 ; http://www.bcm.edu/osa/ handbook/geneticstrack). Also included are multidisciplinary educational programs in genetics developed by the Department of MHG for the community ("Evenings with genetics, " a community seminar series where a Genetic faculty member presents information in lay terms and an individual or parent of a child impacted by the genetic condition shares his or her unique viewpoint) and online courses relevant for human subjects research and societal implications of genetic medicine. In addition, new electives were specifically developed for the GTC some of which will also be available for medical students who are not formally enrolled in the GTC ( Table 2 ). The GTC proposal was approved by the BCM Curriculum Committee in February 2011 and opened for enrollment in August 2011. The specific curricular elements that are employed to achieve the goals of the GTC (Table 3 ) exploit various pedagogical approaches throughout the course of the students' UME. Although the required preclinical medical genetics curriculum (Fall I Core Concepts and Fall II Genetics Module) at BCM is predominantly didactic in nature, these courses also incorporate several hours of small group facilitated discussion, some of which involve individuals diagnosed with genetic conditions. Fall I comprises a single fully integrated course called "Foundations Basic to the Science of Medicine. " This course includes biochemistry, molecular and cellular biology, physiology, anatomy, histology, metabolism, radiology, endocrinology, and genetics organized into an organ system-based course. There are approximately 12 hours of genetics content woven into the course. In Fall II, the genetics content is found in a stand alone course of 22 contact hours (http://www.bcm.edu/ medschool/). Other curricular elements are incorporated into the GTC to facilitate inquiry and life-long learning in genetics. These include a faculty facilitated genetics journal club, casebased conferences, online instruction, and multidisciplinary seminars on various topics designed for patients, families, educators, and allied health professionals involved in the care of individuals with genetic diagnoses. All BCM students have the opportunity to explore the practice of medical genetics in pediatric, obstetric, and adult medicine. The GTC student will be required to complete 6 weeks of electives in genetics. The patient-centered longitudinal element is unique to the GTC and begins in the first year when the student is introduced to a patient or family with a genetic diagnosis. The GTC student will also complete a 2-week rotation through the Medical Genetics Laboratories to gain an appreciation for diagnostic methods and interpretation. Concurrent with the required elements discussed above, GTC students may also participate in various peripheral yet enlightening activities including the BCM Genetics Interest Group, the Parents' Night Out community service activity for children with special needs, and the Genetics Book and Film Club (Mediaomics). Importantly, each GTC student will select a faculty mentor who will guide the student in developing and presenting a scholarly project. The GTC student will meet with the faculty mentor quarterly and with one of the GTC Directors twice per year. These meetings will foster further discussion regarding career paths and progress and inform the student about networking opportunities within BCM and nationally. Although not required, each will be encouraged to submit an abstract for presentation at a national meeting such as the 
discUssiOn
The practice of medicine is changing as the tools for molecular genetic diagnosis become increasingly accurate, less expensive, and readily available. The broad application of genomic medicine promises to personalize care and optimize health outcomes; 4, 6, 15, 16 however, it seems that the medical profession is unprepared to incorporate genomic medicine into medical practice. 10, 14, 17, 18 Perhaps, this is due to the misconception among established healthcare providers that genetics is only applicable to rare single-gene disorders or chromosomal abnormalities and hence is of concern only to specific specialties, such as pediatrics and prenatal obstetrics. 19 Or perhaps this misconception stems from the lack of integration of genetics education beyond the preclinical years of UME. 17, 20 Regardless, direct-to-consumer genetic testing services have once again highlighted the need for physician education in genetics. Through various media sources, patients hear about the availability of genetic tests and approach their primary care physicians for more information or sometimes even to seek help in interpreting their genetic test results. Primary care providers need to be equipped with the knowledge to critically assess and explain genetic test results to their patients and an understanding of when and how to refer patients for specialty care in medical genetics. 21 With time, physicians of all specialties will be faced with daily challenges involving genetics and will be required to keep themselves apprised of the changes in this rapidly advancing field. Several studies have demonstrated deficiencies in physicians' knowledge about genetics and their awareness of genetic tests. 11, [22] [23] [24] [25] There have been initiatives to educate practicing physicians about genetics and genomic medicine, 26 ,27 yet it seems more logical that components upstream to medical practice must be modified to effect the eventual transition to personalized medical care. Hunter et al. 28 showed that a major proportion of practicing physicians rely upon their undergraduate and medical education in genetics and most physicians feel less confident about genetic counseling and testing. Over the past several decades, many studies have been published demonstrating the deficiency of genetics in the medical school curriculum, 10, 18, 25, 29, 30 and there are commentaries proposing educational reform. 10, 13, 17 We have developed a novel curriculum in genetics which enhances the breadth and depth of genomic education for the medical students by employing a variety of pedagogical approaches, with the ultimate goal of enabling our graduates to deliver more effective and personalized medical care. Previous reports have postulated or demonstrated that UME in genetics must extend into the clinical years to effect knowledge of and comfort in approaching patients with genetic concerns; 17, 20, 31 thus, we have designed the GTC to span all 4 years of the undergraduate curriculum. We anticipate that only a small percentage of each class will elect to enroll in the GTC; however, we anticipate that many more students would be willing to engage in many of the electives and/or courses that are being offered as components of the GTC. We also hope to engage not only students who are considering a career as a medical geneticist but also those who aspire to become internists, psychiatrists, and surgeons. Longitudinal analyses to explore attitudes, behaviors and career outcomes are planned for all students enrolling in the GTC and will be matched with appropriate "control" students who elect to choose different pathways. In summary, we have developed a GTC for the medical school at BCM that will incorporate medical genetics and genomics throughout the 4-year medical school experience. This track began accepting students in the Fall of 2011. We believe that exposing medical students to such a genetics track will better equip the physicians of tomorrow to practice optimal genetic care in their clinical area of expertise.
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